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Abstract Text - FPAR (1): 

PROBLEM TO BE SOLVED: To provide a method for generating hydrogen with a 
large amount of hydrogen generated when water is irradiated with ultrasonic 
waves and with high energy efficiency for the ^feneration of hydrogen. 

Abstract Text - FPAR (2): 

SOLUTION: A reaction vessel 10 is charged with water containing alcohol as 
reaction water. The water containing alcohol in the reaction vessel 10 is 
irradiated with uticammc waves produced from an ultrasonic vibrator 1 1 by 
operating an ultrasonic oscillator 12 so as to produce cavitation, which 
generates hydrogen. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the generation method of the hydrogen which uses water as a raw material. 
[0002] 

[Description of the Prior Art] 

Hydrocarbons, such as the approach of electrolyzing water, and natural gas, LPG, naphtha, are made to 
react with a steam under elevated-temperature high pressure as the general manufacture approach of 
hydrogen, or there is the approach of carrying out partial oxidation under elevated-temperature high 
pressure etc. In the approach to which an expensive electrode deteriorates, and has the problem referred 
to as often having to exchange in the approach of electrolyzing water, and a hydrocarbon is made to 
react with a steam, or the approach of carrying out partial oxidation of the hydrocarbon, there is a 
problem referred to as having to make reaction temperature into 700 degrees C or more or 1000 degrees 
C or more. 
[0003] 

Moreover, the method of making water generate hydrogen by irradiating a supersonic wave as a 
generation method of the hydrogen by completely different means from the above-mentioned approach 
is learned (for example, patent reference 1). 
[0004] 

When the supersonic wave which the patent reference 1 was made to generate with an ultrasonic washer 

in the example is irradiated at water, what hydrogen generated is indicated. 

[0005] 

[Patent reference 1] 

JP,5-245470,A 

[0006] 

[Problem(s) to be Solved by the Invention] 

However, when hydrogen is made to generate by the approach of the patent reference 1, there are very 
few the yields and it is mentioned as a trouble that the energy efficiency for hydrogen generating is bad. 
[0007] 

This invention was made in view of such a situation, and water has many hydrogen yields at the time of 
irradiating a supersonic wave, and it makes it a technical problem to offer the generation method of 
hydrogen with the high energy efficiency for hydrogen generating. 
[0008] 

[Means for Solving the Problem] 

In order to solve the aforementioned technical problem, invention concerning claim 1 of this invention is 
characterized by making the water containing alcohol generate hydrogen by irradiating a supersonic 
wave. 
[0009] 
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If a supersonic wave powerful in a liquid or a solution is irradiated, cavitation occurs by the pressure 
fluctuation accompanying propagation of a supersonic wave, and it is known in the interior of a cavity at 
the time of collapse of the air bubbles (cavity) produced with the supersonic wave that the elevated- 
temperature high-pressure place which also attains to thousands of degrees C and thousands atmospheric 
pressures will be formed. Thus, the reaction place of super-elevated-temperature high pressure is locally 
made without changing most conditions of a liquid into a liquid by irradiating a supersonic wave. 
[0010] 

If the reaction place of super-elevated-temperature high pressure is made as mentioned above, when a 
liquid is water in the reaction place, the following various reactions will occur and it will be thought as a 
result of the reaction that hydrogen generates. 
[0011] 

H20 -> H-+OH-...(l) 
H-+OH- -> H20 ... (2) 
2H- -> H2 ... (3) 
20H(s)- -> H202...(4) 
20H(s)- -> 0-+H20 ... (5) 
20- -> 02 ... (6) 
0-+2H- -> H20...(7) 
0-+H20 -> H202 ... (8) 

If a supersonic wave is irradiated at water or a water solution, cavitation occurs, the reaction place of 
super-elevated-temperature high pressure is made underwater, at the reaction place, like (1) type, water 
will decompose and H-, OH, and a radical will generate. And since various kinds of reactions shown in a 
(2) type - (8) type when H and a radical, and OH and a radical generate by (1) type occur and hydrogen 
generates by the reaction of (3) types among those reactions, the hydrogen gas can be taken out. 
[0012] 

However, as mentioned above, since there are very few yields of hydrogen only by irradiating a 

supersonic wave at water, the hydrogen gas obtained can be limited to few amounts. 

[0013] 

Then, as a result of performing examination for making the yield of hydrogen increase and conducting 
the experiment based on the examination, when this invention persons irradiated a supersonic wave at 
water and alcohol was added, they got the data said that the yield of hydrogen increases by leaps and 
bounds. This invention is made by the knowledge based on the above-mentioned experimental result. 
[0014] 

Although the technical elucidation to a hydrogen yield increasing by adding alcohol is not made, it is 

thought that increase of a hydrogen yield takes place as follows. 

[0015] 

It is thought that alcohol is matter which catches OH and the radical generated when a supersonic wave 
was irradiated at water. If alcohol exists in underwater [ which H and the radical, and OH and a radical 
are generating by the exposure of a supersonic wave ], with alcohol, OH and a radical will be caught and 
the concentration of OH and a radical will decrease. Moreover, since advance of the reaction (for 
example, reaction of (2) types) in which OH and a radical participate is also controlled by this, the 
concentration of H and a radical will increase, the reaction of (3) types will be promoted by it, and the 
yield of hydrogen gas will increase by it. 
[0016] 

In the exposure of the supersonic wave to the water containing alcohol, as for the amount of hydrogen 
generation of gas, having added very slight alcohol also increases remarkably. However, since alcohol 
makes the operation which reduces the reinforcement of the cavitation generated by the existence, it 
needs to limit the addition to the proper range. 
[0017] 

[Embodiment of the Invention] 

Next, the example which made hydrogen generate by the approach of this invention is explained. 
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Drawing 1 is drawing showing the experimental device of the batch type which made hydrogen generate 
by the approach of this invention, and the specification of the sonicator which constitutes the 
experimental device is as follows. 
[0018] 

?BBmt& 2 0 0KHZ, 6 0 0KHZ 

mm* 2oowmmm) 

$t%AJ] 2 0 0W 

RMMim 2 0 0KHz, 6 0 0KHz 

p. z. t 

WShW<DU& 6 5 mm 



For the Erlenmeyer flask which is the reaction container which 10 puts in the water containing alcohol 
and is made to generate hydrogen, and 1 1, as for an ultrasonic wave oscillator and 13, in drawing 1 , an 
ultrasonic vibrator and 12 are [ the tank of cooling water and 14 ] the thermostats of cooling water. The 
reaction container 10 is carried on the vibrator 1 1 arranged in a tank 13, and the cooling water in a tank 
13 is adjusted by predetermined temperature, circulating through between thermostats 14. In addition, in 
drawing 1 , in order to make an ultrasonic vibrator 1 1 drive, the ultrasonic wave oscillator 12 is used, 
but that what is necessary is just what can drive an ultrasonic vibrator instead of an ultrasonic wave 
oscillator 12, even if it uses a RF signal generator and the high-frequency amplifier, the effectiveness 
does not change. 
[0019] 

In the equipment by the above-mentioned configuration, if the water which contains alcohol in the 
reaction container 10 as reaction water is put in, that reaction container 10 is carried on an ultrasonic 
vibrator 1 1 and an ultrasonic wave oscillator 12 is operated, a RF signal will be inputted into an 
ultrasonic vibrator 1 1, a supersonic wave will occur, and this supersonic wave will be irradiated through 
the wall surface of the reaction container 10 by the reaction water in the reaction container 10. 
Cavitation occurs in the reaction container 10, the decomposition reaction of water occurs, subsequently, 
a hydrogen generation reaction occurs and hydrogen generates. The generated hydrogen serves as a gas 
and is discharged to the gaseous-phase section. The cap 15 is attached in the reaction container 10, and 
the generated hydrogen gas can be collected in the reaction container 10. 
[0020] 

In addition, although cap 15 is attached in the reaction container 10 and the generated hydrogen gas is 
stored in the reaction container 10 since the experimental device of drawing 1 is equipment of a batch 
type, in the hydrogen generation equipment of continuous system, hydrogen gas output port is prepared 
in the upper part of the reaction container 10, and drawing of hydrogen gas is continuously performed 
from this hydrogen gas output port. 

Moreover, although put into reaction water by the reaction container 10, in the hydrogen generation 
equipment of continuous system, reaction water is introduced continuously or intermittently to the 
reaction container 10, and it is constituted so that it may be discharged continuously or intermittently. 
[0021] 
(Example 1) 
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Above equipment was used and the experiment by the conditions described below was conducted. 

Experiment conditions 

Class of added alcohol : Methyl alcohol 

Alcoholic concentration of reaction water (rate of the volume): 1%, 5%, 10%, 50% 

Temperature of reaction water : 25 degrees C 

Ultrasonic output : 200W 

Frequency of a supersonic wave : 600kHz 

100ml of reaction water which added methyl alcohol to pure water and was prepared by the above- 
mentioned concentration was put into the Erlenmeyer flask (reaction container) with a commercial 
capacity of 200ml, and the cap was attached, it carried on ultrasonic oscillation vibrator, and the 
supersonic wave was irradiated. When the supersonic wave was irradiated for 60 minutes, the ultrasonic 
wave oscillator was stopped. And gas was extracted by the micro syringe from the gaseous-phase 
section of an Erlenmeyer flask, the gas chromatography analyzed this gas, and the content of hydrogen 
was investigated. This result is shown in drawing 2 . 
[0022] 

The hydrogen yield in drawing 2 is a ratio at the time of measuring the amount of hydrogen generation 
generated according to the above-mentioned monograph affair with the amount of generation at the time 
of making hydrogen generate by the conventional approach. Specifically, the hydrogen yield of drawing 
2 is a relative value when setting the peak area of the hydrogen component by the gas chromatography at 
the time of irradiating a supersonic wave at pure water and making hydrogen generate to 1 . 
[0023] 

According to drawing 2 , the amount of generation of hydrogen has a ratio which reaches also 400 to 
500 times to the amount of generation by the conventional technique only by adding 1% of methyl 
alcohol in water. Thus, the amount of generation of hydrogen is increasing by leaps and bounds only by 
adding few quantity of methyl alcohol in water. And although the hydrogen which reaches also 1000 
times is generating to the amount of generation by the conventional technique when the concentration of 
methyl alcohol is 5% - 10%, the amount of hydrogen generation in case the concentration of methyl 
alcohol is 50% is falling to a far low value rather than the time of the concentration of methyl alcohol 
being 1%. 
[0024] 

[Effect of the Invention] 

According to this invention described above, by adding alcohol in water, the hydrogen yield at the time 
of irradiating a supersonic wave increases by leaps and bounds, and the energy efficiency for hydrogen 
generating becomes very high. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the experimental device of the batch type which made hydrogen 
generate by the approach of this invention. 

[Drawing 2] It is drawing showing the result of the hydrogen yield acquired in the example 1 . 
[Description of Notations] 

10 Reaction Container 

1 1 Ultrasonic Vibrator 

12 Ultrasonic Wave Oscillator 

13 Tank of Cooling Water 

14 Thermostat of Cooling Water 

15 Cap 

[Translation done.] 
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